Introduction {#Sec1}
============

Neck and low back pain are important health problems in the modern world \[[@CR13], [@CR45]\]. Approximately 14--71% of adults experience neck pain at some points in their lifetime and the 1-year prevalence rate for neck pain in adults ranges from 16 to 75% \[[@CR15]\]. For low back pain, estimates for the lifetime prevalence range from 11 to 84%, while those for 1-year prevalence range from 22 to 65% \[[@CR45]\]. Neck and low back pain cause personal suffering, disability, and impaired quality of work and life in general, which can be a great socio-economic burden on patients and society \[[@CR12], [@CR21], [@CR31], [@CR32]\]. In the Netherlands, the total cost of neck pain in 1996 was estimated at 686 million US dollars \[[@CR7]\] whereas, in 2006, Katz \[[@CR27]\] proposed that the total cost of low back pain in the United States exceeds 100 billion US dollars per year.

Exercise or vigorous physical activities have a beneficial effect on neck and low back pain \[[@CR18], [@CR19], [@CR26], [@CR30]\]. Hayden et al. \[[@CR18]\] found that strengthening exercise is effective in reducing pain and improving back function. Jensen \[[@CR26]\] found that strengthening and fitness exercises were effective in reducing the prevalence of neck and back pain. Daily physical activity, which is physical activity at rather low to moderate levels, when performed sufficiently is widely known to have important health benefits \[[@CR1]\]. However, modern living increases the tendency to have a more sedentary lifestyle. Reduced physical activity has been linked to several chronic health problems, including diabetes mellitus \[[@CR2], [@CR34]\], ischemic heart disease, stroke, breast cancer, colon/rectal cancer \[[@CR2]\], and chronic musculoskeletal complaints \[[@CR22]\]. The effect of physical activity on neck and low back pain is still controversial \[[@CR4]--[@CR6], [@CR14], [@CR20], [@CR33], [@CR42], [@CR47]\].

No systematic review has been conducted on the relationship between physical activity and neck and low back pain. The aim of this paper was to systematically review the scientific literature to gain insight into the association between physical activity and neck and low back pain as well as the strength of evidence.

Methods {#Sec2}
=======

Search strategy {#Sec3}
---------------

Publications were retrieved by a computerized search of the following databases: PubMed, CINAHL Plus with full text, The Cochrane library, Science Direct, PEDro, ProQuest, PsycNet and Scopus. The following keywords were used: neck pain, back pain, physical activity, leisure time activity, daily activity, everyday activity, lifestyle activity, sedentary, and physical inactivity. After inclusion of the articles based on the selection criteria, references were searched for additional articles. All published articles published between 1980 and June 2009 were eligible for inclusion in the review.

Selection criteria {#Sec4}
------------------

A reviewer (ES) selected relevant articles from the articles retrieved with the search strategy. The selection criteria wereThe study design was a cross-sectional or cohort study. Experimental studies were excluded.The article was a full report published in English. Letters and abstracts were excluded.Study samples were representative of a general population. Studies in athletes, patients or pregnant women were excluded.The outcome included the association between physical activity and the presence of neck or low back pain.Non-specific neck or low back pain was assessed in the study. Studies on neck or low back pain due to a definite herniated intervertebral disk and those on pain due to osteoporosis, cancer or other specific causes were excluded.

Methodological quality assessment {#Sec5}
---------------------------------

The articles that met the selection criteria were evaluated for methodological quality. Two reviewers (ES and NP) independently assessed the quality of each article by using the checklists for quality appraisal modified from previous systematic reviews of musculoskeletal symptoms \[[@CR11], [@CR23], [@CR43]\]. Slightly different checklists were used for the quality assessment of different study designs (Table [1](#Tab1){ref-type="table"}). Each item was scored as positive, negative (potential bias) or unclear (if insufficient information was available for a specific item). The scoring for each item of the two reviewers was compared. Disagreements between the reviewers on individual items were identified and discussed in an attempt to achieve consensus. If agreement could not be reached, a third reviewer (PJ) was consulted to achieve a final judgment. Methodological quality assessment was based on the percentage of positive items over the total number of items. A high-quality study was defined as scoring positive on \>50% of items and a low-quality study was defined as scoring positive ≤50% of items \[[@CR11]\]. Only high-quality studies were included in the review.Table 1Standardized checklist for the assessment of methodological quality of prospective cohort studies (PC) and cross-sectional studies (CS)Study objective1. Positive if the study had a specific and clearly stated objective descriptionPC/CSStudy population2. Positive if the main features of the study population were described (sampling frame and distribution of the population according to age and sex)PC/CS3. Positive if the participation rate is \>70% (data presented)PC/CS4. Positive if the response at main moment of follow up is \>70% (data presented)PCExposure assessment5. Positive if data are collected and presented about physical activity at work timePC/CS6. Method for measuring physical activity: direct measurement and observation (+), interview or questionnaire only (−)PC/CS7. Positive if more than one dimension of physical activity is assessed: duration, frequency or amplitudePC/CS8. Positive if data are collected and presented about physical activity at leisure timePC/CS9. Positive if data are collected and presented about a history of neck or back disordersPC/CS10. Positive if the exposure assessment is blinded to disease statusCSOutcome assessment11. Positive if data were collected for at least 1 yearPC12. Positive if data were collected at least every 3 months or obtained from a continuous registration systemPC13. Method for assessing neck or back pain: physical examination blinded to exposure status (+), self reported: specific questions relating to neck and back disability or use of manikin (+), single question (−)PC/CSAnalysis and data presentation14. Positive if the appropriate statistical model is used (univariate or multivariate model)PC/CS15. Positive if measures of association are presented (OR/RR), including 95% CIs and numbers in the analysis (totals)PC/CS16. Positive if the analysis is adjusted for confounding or effect modification is studiedPC/CS17. Positive if the number of cases in the multivariate analysis is at least 10 times the number of independent variables in the analysis (final model)PC/CS

Data extraction and analysis {#Sec6}
----------------------------

For each article, the first author, year of publication, study design (and, if applicable, follow-up period), study population, participation rate, type and measurement tool of physical activity, measurement tool of neck or back pain and its recall period, results (the association between physical activity and neck or low back pain in terms of OR or RR), and conclusion were extracted. Data extraction was separately conducted for neck and low back pain.

Strength of evidence {#Sec7}
--------------------

The strength of evidence was divided into five levels based on the study design, the number of studies, and the quality score of studies \[[@CR11]\]:*Strong evidence* consistent findings in at least 50% of high-quality cohort studies.*Moderate evidence* consistent findings in one high-quality cohort study and at least 50% of two or more high-quality cross-sectional studies or at least 50% of high-quality cross-sectional studies.*Limited evidence* consistent findings in one high-quality cohort study or in at least 50% of two or more high-quality cross-sectional studies.*Conflicting evidence* inconsistent findings among multiple studies.*No evidence* when one low-quality cohort or cross-sectional study or no study provided findings for or against an association.

Results {#Sec8}
=======

Search strategy {#Sec9}
---------------

A total of 17 articles were judged to meet the selection criteria and were included in the methodological quality assessment (Fig. [1](#Fig1){ref-type="fig"}). There were 5 prospective cohort studies \[[@CR17], [@CR33], [@CR37], [@CR41], [@CR47]\] and 12 cross-sectional studies \[[@CR3]--[@CR6], [@CR9], [@CR14], [@CR20], [@CR24], [@CR29], [@CR36], [@CR39], [@CR46]\]. For cohort studies, the follow-up periods were more than 2 years except one study that followed-up 1--4 years \[[@CR37]\]. The cohort studies investigated in the general population (1 study), working population (1 study), school children (2 studies), and twin pairs (1 study). The cross-sectional studies examined in the general population (4 studies) and school children (8 studies).Fig. 1Flow diagram of the data screening process

Methodological quality assessment {#Sec10}
---------------------------------

One study reported on the initial part of a longitudinal study \[[@CR9]\], i.e., the included article only described the cross-sectional analysis of the first measurement of this longitudinal study. Consequently, the study was included in this review as a cross-sectional study. The scoring of the two reviewers of the included studies had an agreement rate of 84% (67/80) for cohort studies and 90% (151/168) for cross-sectional studies. Disagreements were often about items 7 (assessment of dimension of physical activity) and 16 (adjustment for confounding or effect modification). All disagreements were resolved during a consensus meeting.

The results of the methodological quality appraisal are presented in Table [2](#Tab2){ref-type="table"}. The mean score for methodological quality of cohort studies was 60%, with a range of 44--88%. Three studies were scored as high-quality studies, while two studies were scored as low-quality studies. For the cross-sectional studies, the mean score for methodological quality was 65%, with a range of 43--78%. Ten studies were scored as high-quality studies, while two studies were scored as low-quality studies.Table 2Methodological quality score of the 17 studies (Studies are ranked according to their total scores and, in cases of equal ranking, in alphabetical order of the first author's surname)Quality item/Study1234567891011121314151617Total score (%)Cohort study Wedderkopp et al. \[[@CR47]\]++?+++++++−+++++14/16 (88) van den Heuvel et al. \[[@CR41]\]+−+?−−−+−+++++++10/16 (62) Mikkelsson et al. \[[@CR33]\]++−−−−++−+−−++++9/16 (56) Picavet and Schuit \[[@CR37]\]+−−−+−−+−+−?++++8/16 (50) Hartvigsen and Christensen \[[@CR17]\]+??+?−+?−+−+++−?7/16 (44)Cross-sectional study Auvinen et al. \[[@CR4]\]++−−−+++++++++11/14 (78) Auvinen et al. \[[@CR5]\]++−−−+++++++++11/14 (78) Heneweer et al. \[[@CR20]\]+?−+−+++++++++11/14 (78) Østerås et al. \[[@CR36]\]+++−−−++++++++11/14 (78) Björck-van Dijken et al. \[[@CR6]\]++−+?+++??++++10/14 (71) Sjolie \[[@CR39]\]+++−−++−+++++?10/14 (71) Diepenmaat et al. \[[@CR14]\]+?+?−+?+++++?+9/14 (64) Brown et al. \[[@CR9]\]+−+?−++−+−+++?8/14 (57) Kujala et al. \[[@CR29]\]++?−−++++++−??8/14 (57) Wedderkopp et al. \[[@CR46]\]+++−−++++−+−??8/14 (57) Jacob et al. \[[@CR24]\]+−−+−−+++++−−?7/14 (50) Andersen et al. \[[@CR3]\]++−+−−?++?+−??6/14 (43)

Of 13 high-quality studies, the items in the criteria list rated as negative in most studies were physical activity at work time assessment (item 5--62%), physical activity measurement tool (item 6--85%), and frequency of data collection during follow-up period (item 12--67%).

Assessment of physical activity {#Sec11}
-------------------------------

One study used an objective instrument (i.e., accelerometer) \[[@CR47]\] and 11 studies employed self-reported questionnaires to assess physical activity level. The remaining one study used both self-reported questionnaire and accelerometer \[[@CR46]\] (Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}).Table 3Characteristics and results of included studies regarding neck painStudyStudy design (follow-up period)Study population and participation rateType and measure of physical activityMeasure of pain (recall period)Results (level of physical activity, otherwise stated)ConclusionWedder-kopp et al. \[[@CR47]\]Prospective cohorts (3 years)School children ?%Overall physical activity at least 10 h per day assessed by using MTI-accelerometerInterviewing (the past month)Back pain at baselineNo significant association between physical activity and neck painHigh physical activity (HPA)Bivariate analysis 3.3 (0.1--72.8)No back pain at baselineHigh physical activity (HPA)Multivariate analysis 1.0 (0.2--5.1)Bivariate analysis 1.0 (0.1--8.5)Auvinen et al. \[[@CR4]\]Cross-sectionalSchool children 64%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (the past 6 months)Very active (\>6 h of brisk physical activity per week)No significant association between physical activity and neck pain0.87--1.54 (0.69--2.86)Active (4--6 h of brisk physical activity per week)0.87--1.62 (0.69--2.66)Moderately active (2--3 h of brisk physical activity per week) 1.00Lightly active (1 h of brisk physical activity or \<0.5 h of brisk physical activity together with \>2 h of light or commuting physical activity per week)1.00--1.12 (0.64--1.68)Inactive (\<0.5 h of brisk physical activity and \<2 h of light or commuting physical activity per week)0.89--1.15 (0.58--2.28)Diepenmaat et al. \[[@CR14]\]Cross-sectionalSchool children 92%? (type of physical activity) assessed by using self-reported questionnaireSelf-reported questionnaire (the past month)0--0.5 h per day 1.00No significant association between physical activity and neck pain0.51--1.0 h per day 0.8 (0.6--1.1)≥1.01 h per day 0.8 (0.6--1.0)Mikkelsson et al. \[[@CR33]\]Prospective cohorts (25 years)School children 67%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (lifetime)Physical activity at follow upNo significant association between physical activity and neck pain\<1 time a week 1.001--4 times a week 1.06--1.43 (0.60--2.29)5--7 times a week 1.01--1.20 (0.53--2.71)Østerås et al. \[[@CR36]\]Cross-sectionalSchool children 85%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (the past 4 weeks)Low level PA (active \<1 time/week) 1.00No significant association between physical activity and neck/upper back painMedium level PA (active 1--3 times/week)1.04--1.42 (0.28--7.17)High level PA (active \>3 times/week)0.95--3.72 (0.34--20.19)Van den Heuvel et al. \[[@CR41]\]Prospective cohorts (3 years)Working population 87%Leisure time assessed by using self-reported questionnaireSelf-reported questionnaire (the past year)No walking/cycling 1.00No significant association between physical activity and neck painWalking/cycling 10--150 min per week1.13 (0.95--1.35)Walking/cycling at least 150 min per week0.90 (0.66--1.21)Kujala et al. \[[@CR29]\]Cross-sectionalSchool children ?%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (the preceding 12 months)Prevalence of neck painNo significant association between physical activity and neck painLow MET 18.4%Middle MET 24.4%High MET 19.4%Table 4Characteristics and results of high quality articles regarding low back painStudyStudy design (follow-up period)Study population and participation rateType and measure of physical activityMeasure of pain (recall period)Results (level of physical activity, otherwise stated)ConclusionHeneweer et al. \[[@CR20]\]Cross-sectionalGeneral population 47%Routine daily activities and leisure time physical activity assessed by using Short Questionnaire to Assess Health enhancing physical activity (SQUASH)Self-reported questionnaire (the previous 12 months)Low physical activity level (not fulfilling the recommended activity level of at least 0.5 h of moderate activity per day for at least 5 days a week)Both extremely low and high levels of physical activity were associated with an increased risk of chronic low back pain1.31 (1.08--1.58)Moderate physical activity level 1.00High physical activity level (physical activity level with the highest quartile of the amount of physical activity and the performance of high intensive sport activities)1.22 (1.00--1.49)Wedderkopp et al. \[[@CR47]\]prospective cohorts (3 years)School children ?%Overall physical activity at least 10 h per day assessed by using MTI-accelerometerInterviewing (the past month)Back pain at baselineThe tertile with the lowest HPA had an increased odds ratio of having low back painHigh physical activity (HPA)Bivariate analysis 1.1 (0.1--9.8)No back pain at baselineHigh physical activity (HPA)Multivariate analysis 4.6 (1.9--11.2)Bivariate analysis 4.9 (1.7--14.0)Auvinen et al. \[[@CR5]\]Cross-sectionalSchool children 64%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (the past 6 months)Very active (\>6 h of brisk physical activity per week)Being physically very active was associated with increased prevalence of low back pain1.16--3.93 (0.91--6.65)Active (4--6 h of brisk physical activity per week)0.94--1.61 (0.53--2.65)Moderately active (2--3 h of brisk physical activity per week) 1.00Lightly active (1 h of brisk physical activity or \<0.5 h of brisk physical activity together with \>2 h of light or commuting physical activity per week)0.75--1.51 (0.41--2.36)Inactive (\<0.5 h of brisk physical activity and \<2 h of light or commuting physical activity per week)0.65--1.14 (0.29--1.93)Björck-van Dijken et al. \[[@CR6]\]Cross-sectionalGeneral population 69%Both work and leisure time assessed by using self-reported questionnaireSelf-reported questionnaire (lifetime)Sitting work 1.00High levels of physical activity at work and low physical activity at leisure time was associated with increased prevalence of low back painLight physical work 1.13 (0.95--1.35)Moderate heavy work 1.37 (1.14--1.65)Heavy work 1.46 (1.09--1.94)Low physical activity during leisure time in the past year1.16 (1.02--1.33)Diepenmaat et al. \[[@CR14]\]Cross-sectionalSchool children 92%? (type of Physical activity) assessed by using self-reported questionnaireSelf-reported questionnaire (the past month)0--0.5 h per day 1.00No significant association between physical activity and low back pain0.51--1.0 h per day 1.2 (0.8--1.7)≥1.01 h per day 1.0 (0.8--1.3)Mikkelsson et al. \[[@CR33]\]Prospective cohorts (25 years)School children 67%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (lifetime)School age physical activityMen who were physically active in adolescence were at a lower risk of recurrent low back painMenInactive (\<2 times per week for at least 30 min per session of physical activity outside school hours) 1.00Active (≥2 times per week for at least 30 min per session of physical activity outside school hours) 0.62 (0.39--0.98)WomenInactive 1.00Active 0.80 (0.48--1.32)Physical activity at follow up\<1 time a week 1.001--4 times a week 0.65--1.31 (0.37--2.14)5--7 times a week 0.54--0.88 (0.25--1.87)Sjolie \[[@CR39]\]Cross-sectionalSchool children 84%Leisure time assessed by using self-reported questionnaireSelf-reported questionnaire (the preceding year)Physical activity (hour), quartiles 0.6 (0.4--0.8)Physical activity was significantly associated with decreased risk of low back pain, in particular with regular walking or bicyclingWalking or bicycling 0.4 (0.2--0.8)Wedderkopp et al. \[[@CR46]\]Cross-sectionalSchool children 79%Leisure time assessed by using self-reported questionnaire and the CSA accelerometerInterviewing (the preceding month)No significant positive or negative associations were noted between self-reported physical inactivity and low back pain (*p* = 0.41)No significant association between physical activity and low back painThere were no associations between low back pain and the objectively measured level of physical activity (data not showed)Brown et al. \[[@CR9]\]Cross-sectionalGeneral population (women) 99%Leisure time assessed by using self-reported questionnaireSelf-reported questionnaire (lifetime)PA score \<5 (none or very low; equivalent to no PA or moderate PA once per week) 1.00Physical activity was significantly associated with decreased risk of low back painPA score 5 to \<15 (low to moderate; moderate PA 2--4 times or vigorous PA 1--2 times per week, or equivalent combination)0.83--0.91 (0.74--1.02)PA score 15 to \<25 (moderate to high; moderate PA 5--8 times or vigorous PA 3--5 times per week, or equivalent combination) 0.76--0.85 (0.68--0.95)PA score ≥25 (high; moderate PA 8--13 times or vigorous PA 5--8 times per week, or equivalent combination)0.67--0.84 (0.58--0.95)Kujala et al. \[[@CR29]\]Cross-sectionalSchool children ?%Leisure time (outside school hours) assessed by using self-reported questionnaireSelf-reported questionnaire (the preceding 12 months)Prevalence of low back pain;High leisure physical activity was associated with increased prevalence of low back painLow MET 9.7%Middle MET 11.7%High MET 14.6%*p* = 0.022

Nine studies examined physical activity during leisure time. Three studies assessed physical activity at during both work and leisure time. The remaining one study did not clearly specify which setting was examined (Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}).

Assessment of neck and low back pain {#Sec12}
------------------------------------

Two studies examined neck pain only and six studies investigated low back pain only. One study evaluated neck and upper back pain. The remaining four studies measured both neck and low back pain. Eleven studies employed self-reported questionnaires to evaluate neck and/or low back pain and the remaining two studies used interviewing. The recall period for neck and/or low back pain varied greatly ranging from 1 month to lifetime.

Evidence of association between physical activity and neck pain {#Sec13}
---------------------------------------------------------------

Of seven high-quality studies, one study investigated the association in working population while six studies examined in school children.

In working population, Van den Heuvel et al. \[[@CR41]\] conducted a cohort study and found no association between physical activity during leisure time and neck pain among working populations (Table [3](#Tab3){ref-type="table"}). However, the authors \[[@CR41]\] concluded that walking or cycling to work or to a train station at least 150 min/week might have a favorable effect on neck symptoms.

Two cohort studies and four cross-sectional studies investigated in school children. These studies reported no association between physical activity and neck pain among school children (Table [3](#Tab3){ref-type="table"}). However, Auvinen et al. \[[@CR4]\] concluded that high-level physical activity had a trend to increased prevalence of neck pain in girls.

In summary, there was limited evidence for no association between physical activity during leisure time and neck pain among working populations. There was strong evidence indicating no association between physical activity and neck pain in school children.

Evidence of association of physical activity and low back pain {#Sec14}
--------------------------------------------------------------

Of ten high-quality studies, three studies investigated the association in the general population while seven studies examined in school children.

In general population, one cross-sectional study found that high level of physical activity at leisure time related to decreased prevalence of low back pain \[[@CR9]\]. One cross-sectional study reported that high level of physical activity at work combined with low physical activity in leisure time associated with high prevalence of low back pain \[[@CR6]\]. The remaining one cross-sectional study found that either high or low levels of physical activity related to increased risk for chronic low back \[[@CR20]\] (Table [4](#Tab4){ref-type="table"}).

In school children, one cohort study \[[@CR33]\] and one cross-sectional study \[[@CR39]\] found that a high level of physical activity at leisure time associated with decreased prevalence of low back pain. One cohort study reported a low level of physical activity as a risk for low back pain \[[@CR47]\]. On the other hand, two cross-sectional studies found that high to very high levels of physical activity associated with high prevalence of low back pain \[[@CR5], [@CR29]\]. Two cross-sectional studies \[[@CR14], [@CR46]\] reported no association between physical activity at leisure time and low back pain (Table [4](#Tab4){ref-type="table"}).

In summary, due to inconsistent findings in multiple high-quality cohort and cross-sectional studies, there was conflicting evidence for the association between physical activity and low back pain in both general population and school children.

Discussion {#Sec15}
==========

This review evaluated the results of 13 high-quality studies on the association between physical activity and neck and low back pain. We found heterogeneity among studies as to aspects such as study design, study population, type of exposures measured, methods of exposure assessment, statistical analysis, and data presentation. Thus, the analysis of the results was limited to qualitative summary. Based on the limited number of studies and the heterogeneity among studies, the results indicated limited evidence for no association between physical activity during leisure time and neck pain in the working population. Strong evidence was found for no association between physical activity and neck pain among school children. Conflicting evidence was found for the association between physical activity and low back pain in both general population and school children.

Methodological considerations {#Sec16}
-----------------------------

Of 13 high-quality studies, the items in the criteria list rated as negative in most studies were physical activity at work time assessment, physical activity measurement tool, and frequency of data collection during follow-up period.

Most studies solely measured physical activity level at leisure time, which may not reflect actual daily physical activity. Physical activity at work time should be assessed and included as part of daily physical activity. When physical activity at work is taken into account, workers who have sedentary activity during work, such as office workers, may have considerably different physical activity level compared with workers whose job characteristics are more physically demanding, such as nurses or refuse collectors. Therefore, future research should consider measuring physical activity at both work and leisure time in order to be more representative of an individual's daily physical activity level.

Common physical activity level measurement methods include self-reported questionnaire, interviewing, and objective instrumentation (i.e., an accelerometer). Most studies employed self-reported questionnaire or interviewing. Only 2 out of 13 included studies used objective instruments to assess physical activity level. Many of the subjective methods had problems with reliability and/or validity. Moreover, objective methods were found to report different results than those obtained from subjective methods \[[@CR44]\]. Verbunt et al. \[[@CR40]\] indicated that self-report measurements may lead to under- or overestimation of physical activity level, which may result in bias in the association between physical activity and musculoskeletal pain. An objective measure is preferable for assessing physical activity level. Its advantages include having greater validity and providing both quantitative and qualitative assessment of physical activity with minimal burden on participants. During physical activity monitoring, not only mean physical activity levels, but also a classification of physical activities (such as standing, sitting, and locomotion) can be collected. Nowadays, physical activity monitors are becoming more and more convenient. However, high cost and restricted registration time are still barriers. Future research should attempt to use an objective measure to evaluate physical activity level.

The follow-up period of exposure and disease for the studies varied considerably, ranging from 3 to 25 years for physical activity level and from 1 month to lifetime for neck or low back pain. Of three cohort studies, only one study recorded data every year for 3 years \[[@CR41]\], whereas the rest of the studies recorded data at the beginning and the end of study only. No data collection regarding exposure and disease during follow-up period may pose a threat of recall bias. This bias may result in an under- or overestimation of the risk of association with an exposure. Kremer et al. \[[@CR28]\] reported that patients with pain significantly underestimated their activity level. Schmidt and Brands \[[@CR38]\] found that patients were less capable of estimating their physiological level of exertion during a performance test situation than healthy controls. Future studies should pay more attention to the frequency of data collection during their follow-up period, and it is recommended that data are collected at least every 3 months or are obtained from a continuous registration system.

Evidence for association between physical activity and neck pain {#Sec17}
----------------------------------------------------------------

Studies were conducted in substantially varying groups of subjects, including school children, workers, and the general population. One may argue that the effect of physical activity level in different population groups might be different, particularly between adolescents and adults. This seems to be the case for neck pain. When the effect of physical activity level was separately analyzed for workers and school children, there was limited evidence for no association in workers and strong evidence indicating no association in school children.

Performing physical work, adopting awkward working postures and having sedentary lifestyle are common for workers, while such activities are rare in an adolescent population. Epidemiological studies have shown that adopting awkward working postures for prolonged time combined with having sedentary lifestyle have been found to be associated with neck pain \[[@CR10], [@CR25], [@CR35]\]. Therefore, increased physical activity level in workers may be beneficial for preventing neck pain. However, the preventive effect of increased physical activity level on neck pain may not be so obvious in adolescents, who usually do not stay in awkward positions \[[@CR4]\] and are more physically active than adults \[[@CR8]\]. Thus, future research should be more specific regarding the study population and taking the impact of work status on physical activity into account. In addition, due to the low number of high-quality studies, more research is needed to confirm our findings in this respect.

Evidence for association between physical activity and low back pain {#Sec18}
--------------------------------------------------------------------

The body of evidence regarding the role of physical activity level and low back pain is somewhat more inconsistent than that for neck pain. Even with the separate analysis of the effect of physical activity on low back pain in adolescents and adults, the conflicting evidence still existed. One of the possible explanations for inconsistent findings among studies may relate to heterogeneity in methods of exposure assessment among studies. To assess the physical activity level in patients with musculoskeletal pain, an objective measure is a preferable measurement device to self-report measurement \[[@CR40]\]. Wedderkopp et al. \[[@CR47]\], who used accelerometers to measure physical activity level, reported that low level of physical activity increased the risk of low back pain in school children. Being physically active may lead to improved physical fitness, which consequently reduces the risk of low back pain and helps the back to function better \[[@CR33]\]. However, the rest of the studies employed self-report measurements to examine physical activity level, which are prone to the risk of recall bias. For example, those without low back pain may be more likely to consider themselves to be physically active than those with low back pain or those who are physically active may be more likely to consider their back to be in better condition than those who are less physically active, even if this is not the case \[[@CR46]\]. Due to conflicting results, more high-quality studies are needed before a final conclusion can be reached regarding the effect of physical activity on low back pain.

Sensitivity analysis {#Sec19}
--------------------

Methodological quality of included studies ranged between 43 and 88%, with eight of 17 studies scoring between 43 and 57%. In this review, a priori cut-off point of \>50% was used, which might have influenced the level of evidence and potentially the results of the review. Thus, we assessed the effect of the cut-off point used in the methodological quality assessment on the level of evidence. Shifting the cut-off point from \>50 to \>60% or shifting the cut-off point from \>50 to \>40% would not have influenced our levels of evidence at all.

The strength of evidence was divided into five levels. However, in an earlier study by Hamberg-van Reenen et al. \[[@CR16]\], three levels of evidence were used, i.e., (1) strong evidence: consistent findings in multiple high-quality studies; (2) moderate evidence: consistent findings in one high-quality study and in at least one low-quality study, or consistent findings in multiple low-quality studies; (3) inconclusive evidence: inconsistent findings in multiple studies, or the results based on one or no study provided findings for or against an association. Changing the method to assess the strength of evidence into the one used by Hamberg-van Reenen et al. \[[@CR16]\] would not have altered our conclusions.

Limitations of this review {#Sec20}
--------------------------

There are a number of methodological limitations of this systematic review that are noteworthy. First, the search strategy was limited only to full reported publication in English. The possibility of publication and selection bias cannot be ruled out, which may affect the results of the review. Second, we summarized the results from studies with substantial heterogeneity. This may explain the observed variation in the results among studies. Future research is required to indicate whether differences in these aspects affect the association between physical activity on one hand and neck and low back pain on the other. Last, quality assessment tools to appraise observational studies are less well established than those for randomized controlled trials. As no universally accepted quality assessment tool for observational studies exists, the methodological quality assessment used in the present review was based on the assembly of criteria lists in the previous reviews \[[@CR23], [@CR43]\]. It is believed that the items included in the criteria list assessed the important components to validate these types of studies.

Conclusions and recommendations {#Sec21}
===============================

This review showed limited evidence for no association between physical activity and neck pain in workers, and strong evidence for no association in school children. Conflicting evidence was found for the association between physical activity and low back pain symptoms. More high-quality studies are needed before more definite conclusions can be drawn on the effect of physical activity on neck and low back pain. The design of future studies may be improved by taking into account a number of methodological limitations that are present in the published studies. These include increasing participation rate of samples, using an objective tool to assess physical activity level, measuring physical activity both at work and leisure time, having continuous data collection during the follow-up period, and being more specific regarding study population.
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